Modern reactive power generators by Chubraeva, L. & Timofeev, S.
MODERN REACTIVE POWER GENERATORS 
 
Chubraeva Lidia1, Timofeev Sergey2 
1Saint-Petersburg, Russia, Institute of Electrophysics and Power-engineering of RAS, lidiach@mail.ru 
2Saint-Petersburg, Russia, Institute of Electrophysics and Power-engineering of RAS, sergio121@yandex.ru 
 
 
Abstract – The paper reviews main stages of development of 
reactive power generators, describes the 1-st and 2-nd generation 
of synchronous condensers with conventional cooling systems and 
a new generation – superconductive synchronous condensers. 
Asynchronous non-salient pole condensers expand the class of 
rotating compensating devices. Comparison of dynamic 
performance of conventional synchronous condensers, cryogenic 
condensers and SVC is presented. The variant of a model 5 MVA 
HTSC synchronous condenser intended for wind power plants is 
described. 
Keywords – reactive power, reactive power generator, 
synchronous condenser, asynchronous condenser, 
superconductive synchronous condenser. 
 
I. INTRODUCTION  
 
Reactive power is the power of AC circuits utilized for 
supporting magnetic fields in inductive loads (transformers, 
electrical motors, inductive stoves, etc.) or electric fields for 
capacitors, cables, etc. The specific feature of reactive power 
is the fact that it cannot be transformed into another form of 
energy. 
Reactive power compensation is defined as reactive 
power management with the aim of improving the 
performance of AC power [1, 2]. Reactive power 
compensation is considered in two aspects: load 
compensation and voltage support. In load support the 
objectives are to increase the power factor, to balance the 
load and to eliminate current harmonics from nonlinear 
industrial loads [1]. Voltage support reduces voltage 
fluctuations at a certain terminal of transmission line and 
improves the stability of AC system by increasing the 
maximum active power that can be transmitted It helps to 
attain a flat voltage profile at all levels of power 
transmission, increases transmission efficiency, controls 
steady-state and temporary over-voltages and helps to avoid 
catastrophic black-outs [1]. 
Synchronous condensers allow to increase the throughout 
transmission capacity of individual transmission lines, 
intersystem or interstate long distance transmission lines. 
They are responsible for correction of electrical power flow 
along the circuits with different voltage values in multi-
contour electrical grids to obtain positive technical or 
commercial effect [2]. 
As reactive power compensation is an effective way to 
improve the electric power network, there is an urgent need 
for controlled reactive power generation. Reactive power 
generator is one of the devices, responsible to solve the 
above mentioned tasks.  
Previously reactive power generators and synchronous 
condensers were synonyms. They represented a multi-pole 
synchronous machine without mechanical load on the shaft, 
operating with variable excitation and armature currents in 
accordance with U-curves [3]. 
In Russia there exists an excess of volume of reactive 
power in transmission networks. In 500 kV lines the level of 
compensation equals approximately 45 %. In the 330 and 
200 kV transmission lines reactive power is practically not 
compensated [2]. 
 
II. FIRST GENERATION OF CONVENTIONAL SYNCHRONOUS 
CONDENSERS 
 
The development of synchronous condensers started in 
1911 by the General Electric (USA). The first alternator 
rated at 10 MVA was manufactured in 1919 [4]. It was an 
air-cooled machine, ordered by Ontario Hydro. 
Till the end of 70-s of the previous century synchronous 
condensers as reactive power generators dominated in 
electric grids, they were manufactured by numerous 
electrical machine-building companies with the largest one 
produced and tested in Sweden [5]. It had the rating 345 
MVA and was a fully water-cooled machine, intended for 
Dumont station.  
 At 70-s synchronous condensers started to be replaced 
by electronic devices: static reactive power compensators 
(SVC – static VAR compensator, STATCOM – static shunt 
compensator), based on application of power electronics, 
capacitor banks and reactors. They possessed certain 
advantages, including fast response ability. Later flexible AS 
transmission systems (FACTS) were introduced. 
Synchronous condensers stayed to operate, working out 
their resource. There appeared publications, justifying the 
advantages of rotating electrical devices [6]. Nevertheless the 
1-st generation of synchronous condensers manufacturing 
with mainly air- and hydrogen cooling systems faded out 
about 1980-s. 
Around 15 years ago a revival of rotating synchronous 
condensers could be witnessed in many countries. The 
change in energy mix is leading to replacement of 
conventional energy production with synchronous generators 
by low inertia and low thermal time constant power park 
modules [7]. These park modules are represented by wind 
farms and solar power plants.  
As a result the second generation of conventional 
synchronous condensers started to develop alongside with 
one more type of reactive power generators – asynchronous 
condensers. 
 
III. SECOND GENERATION OF CONVENTIONAL 
SYNCHRONOUS CONDENSERS 
 
The era of the 2-nd generation of synchronous condensers 
started beginning from 2000 [4]. Main manufacturers are 
ABB, GE, Siemens. The unit rating exceeds 400 MVA. 
There practical application is associated with wind- and solar 
power installations and high-voltage DC transmission lines 
(HVDC). Their main advantages are evaluated as follows 
[8]: 
 
- increased short-circuit MVA strength, 
- response to lower system fluctuations, 
- improved high-response excitation systems, 
- voltage and frequency ride-through capability, 
M-I-4
67
ma
 
 
- overloa
- high sh
- improv
mainte
Fig. 1 repres
nufactured by
 
d capability, 
ort and mid-t
ed reliability 
nance. 
ents the des
 GE. It is a sa
Fig
Fig. 2
erm overload
and increase
ign of synchr
lient four pol
.1. Illustration
. Application
capability, 
d service life,
onous conde
e alternator. 
s referring to
 of 2-nd gene
 low 
nser, 
T
with
arm
A
cond
 
 
 GE 2-nd gen
 
 
ration of sync
here are dev
 the network
ature circuit, d
s an examp
ensers in Den
eration synch
hronous cond
eloped differ
: with pony m
epending on 
le the plan o
mark is show
ronous conden
enser in Denm
ent methods 
otors or wit
the demands 
f installation
n in Fig.2 [9
ser 
ark. 
of synchroniz
h reactors in
of the consum
 of synchron
]. 
 
ing 
the 
er. 
ous 
 
M-I-4
68
num
dev
non
100
Be
Ma
150
com
rot
the
les
ope
sal
-10
reg
win
dis
win
ma
sys
IV
 
After manu
ber of a
eloped and m
-salient pole
 MVA (Fig. 
skudnikovo 5
in parameter
0 rpm, tota
pared to syn
or contains tw
 q-axis. Mag
s than the on
rating with tw
 
Fig. 3. Asyn
Advantage
ient pole rotor
1. Wide rang
0%. 
2. Higher 
ulation due t
dings. 
3. Better 
turbances in t
4. High surv
dings.  
It should b
chine with tw
tems is relativ
. ASYNCHRO
facturing an
synchronous 
anufactured 
 air-cooled as
3) [2, 10]. Tw
00 kV substa
s: voltage - 2
l mass – 25
chronous con
o excitation 
netomotive f
e of the mai
o excitation 
chronous con
s of asynchr
 are as follow
e of reactive 
response of 
o possibility 
damping o
he network. 
ivability due
e nevertheles
o excitation
ely expensiv
Fig. 4
NOUS CONDE
d successful 
turbogenera
by OJSC «Po
ynchronous c
o alternators 
tion (Russia,
0 kV, freque
0 t. The m
densers lies i
windings. Th
orce of the s
n winding. T
systems.  
denser rated 
 
onous conde
s [2]: 
power regulat
reactive po
of current rev
f rotor os
 to presence 
s noted that 
 windings an
e. 
. Helium-coo
NSERS 
exploitation
tors there
wer Machine
ondenser rate
were installed
 Moscow reg
ncy of rotati
ain differenc
n the fact tha
e second one
econd windin
wo windings
at 100 MVA.
nsers with
ion from 100
wer or vo
erse in excit
cillations du
of two excit
a non-salient
d two excit
led 20 MVA 
of a 
was 
s» a 
d at 
 in a 
ion). 
on - 
e as 
t the 
is in 
g is 
 are 
  
non-
% to 
ltage 
ation 
ring 
ation 
pole 
ation 
seve
oper
pow
mor
exci
exci
in th
man
wind
supe
in
adva
alter
insu
equi
med
wate
I
cond
whic
Osak
I
disc
to th
temp
B
sync
man
cond
D
HTS
curr
sync
T
(Fig
Auth
oper
ratin
 
 
alternator (Ru
V. SUPERCO
 
In 80-s - 9
ral supercond
ate as synch
er generation
e favorable
tation and arm
It allowed t
tation mode b
e armature en
The 20 MVA
ufactured in t
ing was
rconductor (L
From 1982 it
the network
ntages as com
nator was th
lating liquid
pped with a f
ium of the flu
r heating [11
n Japan ther
ensers rated
h operated i
a synchronou
n 1986 high-
overed and st
e main adva
erature. 
asing on o
hronous con
ufacturing o
ensers – dyn
ynamic syn
C field wind
ent in unde
hronous reac
here was dev
. 5.), which w
ority (TVA
ation. TVA o
g [13, 14]. 
ssia) and 70 M
NDUCTIVE SY
0-s there we
uctive genera
ronous conde
and consump
relation of
ature windin
o exclude th
ecause of be
d-zone. 
, 3000 rpm s
he USSR in 1
wound o
TSC). 
 was operatin
 “Lenenergo
pared to SV
e fact that th
and the ar
lux-pump. Th
x-pump. The
]. 
e were prod
at 30 MVA a
n Kansai Ele
s condenser 
temperature s
opped the wo
ntage of HTS
btained pract
densers the U
f a new 
amic HTSC sy
chronous con
ing, which re
r- over-exci
tance. 
eloped a trail
as installed in
) grid and 
rdered severa
VA alternat
NCHRONOUS 
re manufact
tors which s
nsers with th
tion due to be
 magnetomo
gs.  
e limitation
tter summary
uperconductin
979 (Fig. 4, 
f Nb-Ti 
g as a synchr
” and allo
C. The peculi
e armature w
mature cooli
e same liqui
 armature los
uced an LT
nd 70 MVA 
ctric Power C
(Fig. 4, b) [12
uperconductiv
rks with LTS
C – higher 
ical experien
SA started d
generation 
nchronous c
denser desi
quires only a
tation mode
ized 8 MVA 
 2004 on the
showed pos
l HTSC cond
or (Japan). 
CONDENSERS
ured and tes
howed they m
e rated reac
tter U-curve
tive forces
s in the und
 magnetic fie
g generator w
a).The excitat
low-temperat
onous conden
wed to rev
ar feature of
as cooled by
ng system w
d was a work
ses were used
SC synchron
LTSC genera
ompany grid
]. 
ity (HTSC) w
C alternators
operating crit
ce with LT
evelopment
of synchron
ondensers. 
gn is based
 small change
s due to
HTSC conden
 Tennesy Va
itive results
ensers of hig
ted 
ay 
tive 
and 
of 
er-
lds 
as 
ion 
ure 
ser 
eal 
this 
 an 
as 
ing 
 for 
ous 
tor, 
 in 
as 
due 
ical 
SC 
and 
ous 
on 
 of 
low 
ser 
lley 
of 
her 
 
M-I-4
69
res
pro
MV
rea
(Fi
Co
giv
rev
is p
the
rela
 
F
 
dat
To evaluate 
ponse synch
ject of high-v
A, 220 kV 
ctance and o
g. 6). The 
mparison wit
en in Table 1
The prelimin
ealed a lot of
ractically im
 condenser 
tively small m
 
ig. 5. Trailiz
Fig. 6. Longi
The machine
a: 1. Electric vo
2. Armature 
a possibility
ronous cond
oltage synch
with increase
riginal electr
main dem
h other types
. 
ary evaluati
 technical pro
possible to se
outer diamet
achine size.
ed 8 MVA Su
cond
tudinal cross-
synchronou
 was develop
ltage – 220-5
overload – do
 of develop
enser we h
ronous conde
d excitation c
omagnetic sc
ands are p
 of synchron
on of the va
blems. One 
t the high-vo
er of the f
 
perVAR HTS
enser. 
 
section of 20
s condensers.
 
ed according
00 kV. 
uble for 60 s.
ment of a h
ave develope
nser rated at
urrent, decre
reen on the
resented be
ous condense
riant for 550
of them show
ltage termina
rame becaus
C synchrono
0 MVA HTSC
 
 to the follow
 
igh-
d a 
 200 
ased 
rotor 
low. 
rs is 
 kV 
ed it 
ls on 
e of 
us 
 
 
ing 
4
MV
4
200)
6
C
Pa
Ra
Lin
Cu
Ro
rot
Fr
Nu
Sta
Ro
Ac
Sta
mm
Ho
mm
Sy
rea
Tr
syn
rea
Su
syn
rea
T
follo
- E
- A
-
MV
- T
2
- S
M
cons
- w
- p
- a
t
- i
- d
d
- l
- h
- d
l
e
- p
- p
- p
- f
m
C
. Range of r
A. 
. Time of atta
 МВ·А - 0.4
. Synchronou
omparison of
rameters 
ted power, M
ear voltage, 
rrent, A 
tor speed
ation, rev/min
equency, Hz 
mber of phas
tor diameter,
tor diameter
tive length, m
tor yoke h
 
using diam
 
nchronous 
ctance, p.u. 
ansient 
chronous 
ctance, p.u. 
btransient 
chronous 
ctance p.u. 
he machine
wing data: lectric voltag
rmature over
 Range o
A. 
ime of attain
00) MVA - 0
ynchronous i
ain advanta
idered to be a
ide range of
ossibility of t
bsence of the
o stable opera
mproved relia
ecreased los
evices, 
ower mass an
ighly sinusoi
ecreased syn
imits for re
xcitation mod
ossibility of f
ossibility of u
ossibility of o
easibility of
ore). 
omparison o
eactive power
ining of ratin
– 0.6 s. 
s inductance 
conventional
conde
Hydr
VA 16
kV 15.
58
of 
 
75
5
es 3
 mm 25
24
m 32
eight, 37
eter, 52
2.0
0.4
0.2
 was deve
e – 220-500 k
load – double
f reactive pow
ing of rating
.4 – 0.6 s. 
nductance – х
ges of HTSC
s follows: 
reactive powe
wofold overlo
rmal stresses 
ting temperat
bility, 
ses, compara
d size indexe
dal output vol
chronous re
active powe
e, 
ast response t
nit rating inc
perating at z
high output 
f U-curves an
 variation Q
g from Qc = 
– хd = хq - (0.
 and cryogeni
nsers 
Valu
Cooling s
ogen Wate
0 345 
75 20 
60 1010
0 750 
0 50 
 3 
00 4000
40 3800
00 3600
5 - 
00 6500
5 1.9 
5 0.502
1 0.245
loped accor
V. 
 for 60 s. 
er variation 
 from Qc = 0
d = хq = (0.3
 synchronou
r regulation, 
ad, 
in the cryoge
ure, 
ble with stat
s, 
tage, 
actance valu
r regulation 
o transient vo
rease, 
ero field curre
voltage (up 
d losses is giv
= ± (160 - 2
0 to Qc = ±(16
3 - 0.6) p.u. 
Tab
c synchronou
e 
ystem 
r Cryogeni
200 
220 
0 525 
750 
50 
3 
 3270
 2200
 2200
120 
 4000
1.0 
 0.58 
 0.37 
ding with
Q = ± (160-2
 to Qc = ±(1
 - 0.6) p.u. 
s condensers
nic windings
ic compensat
e and increa
in the und
ltage variatio
nt at xd=1 p.
to 200 kV
en in Fig. 7.
00) 
0 - 
le 1 
s 
c 
the 
00) 
60-
are 
due 
ing 
sed 
er-
n, 
u,, 
and 
M-I-4
70
typ
Sim
rea
con
due
rea
Sup
the
to 
bot
vol
syn
rea
con
seq
rea
is s
 
M
W
W
W
 
In
SV
C
Su
bet
 
 
VI. COM
 
In [1] a com
es of reactive
ulaton of dif
 In case of a 
ctive power 
troller, but a
 to faster vo
cts instantly 
erconductive
 instant of th
lower synchr
h types of con
During a two
tage reaches 
chronous co
ctive power 
nected back. 
In case of 
uence voltag
ctive power in
till higher. Th
Minimum p
in. Ter. V (p.
ith SVC 
ith Conv. S.C
ith SuperVA
Maximum
cond
jected Q (p.u
C 
onv. S.C. 
perVAR 
 
During seve
ter and bring 
Fig 
PARISON OF D
COMPENS
parison of d
 power comp
ferent fault ty
single phase 
after a delay
fter a delay 
ltage contro
due to the c
 condenser i
e fault as com
onous reactan
densers act s
-phase to gro
the rated va
ndensers. It 
during and a
three phase 
e drop is st
jected by bot
e results are 
ositive seque
36-k
Fault T
u.)  
 
.  
R  
 injected rea
ensers and S
Fault Ty
.)  
 
 
 
re faults syn
the terminal v
7. U- curves a
YNAMIC PERF
ATING DEVIC
ynamic oper
ensating dev
pes show the 
to ground fau
 caused by 
it injects mo
l. The synch
hange in the
njects more 
pared to con
ce. But at th
imilar. 
und fault the 
lue faster w
is because 
fter the fault
to ground f
ill larger wit
h synchronou
given in Table
nce voltage d
V bus 
ype 1ph 
 
0.89 
0.89 
0.89 
ctive power b
VC during the
pe 1ph 
 
0.67 
0.54 
0.54 
chronous co
oltage to rate
nd loss varia
ORMANCE OF
ES 
ation of diff
ices is perfor
following. 
lt the SVC in
the delay in
re reactive po
ronous conde
 thermal vol
reactive pow
ventional one
e fault clear
positive-sequ
ith both type
SVC injects
 until the lin
ault the posi
h the SVC.
s condenser t
s 2 and 3. 
Tab
uring the faul
2ph 3ph
  
0.60 0.30
0.67 0.42
0.70 0.4
Tab
y synchronou
 fault 
2ph 3ph
  
0.48 0.10
0.69 0.74
0.93 1.07
ndensers per
d value faster
 
tion for differ
 
erent 
med. 
jects 
 the 
wer 
nser 
tage. 
er at 
 due 
ance 
ence 
s of 
less 
e is 
tive-
The 
ypes 
le 2 
t at 
 
* 
 
5 
le 3 
s 
 
* 
 
 
form 
. 
A
out
oper
STA
 
T
HTS
pow
vari
was
later
expe
B
vari
wind
F
T
and
posi
prod
the
ensu
ent types of c
 very interes
at Vyborg su
ation of co
TCOM [15].
VII. MODEL 
here is now u
C 5 MVA, 
er plants [16
ants have LN
discussed a v
 on it was r
nsive, than th
elow are pr
ants of SC. Th
ing placed in
ig. 8. A varia
con
he rotor rep
field winding
tioned inside
uced of 2G H
damper wind
re reliable op
ompensating 
ting experime
bstation (Le
nventional 
5MVA HTSC
nder develop
750 rpm, 10.
]. It should b
2 cooling sy
ariant with a 
ejected beca
e 1-st variant
esented the re
e 1-st one co
 the cold zone
nt with 2G H
ventional arm
resents an 8-p
 with concent
 the cryostat.
TSC tape. Th
ing are prov
eration. The
devices. 
ntal investig
ningrad regio
synchronous 
 SYNCHRONO
ment by our 
5 kV prototy
e specially n
stem. On the
slotless arma
use it came 
 of SC, descri
sults of dev
ntains a 2G H
 (Fig. 8). 
 
TSC 8-pole f
ature windin
 
ole design w
ric coils. The
 The field w
e electromag
ided in the 
 vacuum cav
ation was carr
n) with para
condenser
US CONDENSE
team a version
pe SC for w
oted that all
 first stage th
ture as well.
out to be m
bed later. 
elopment of
TSC 8 pole f
ield winding 
g. 
ith salient po
 magnetic cor
inding coils
netic screen
rotor design
ities reduce h
 
ied 
llel 
and 
R 
 of 
ind 
the 
ere 
But 
ore 
two 
ield 
 
and 
les 
e is 
are 
and 
 to 
eat 
M-I-4
71
tran
age
des
line
Th
red
arm
coi
am
for
sid
sur
coi
not
len
coi
circ
sav
ma
the
pre
P
sy
R
R
R
R
R
R
In
A
N
w
A
A
S
a
S
a
syn
inte
ass
stat
2-n
dev
con
suc
con
com
wir
 
sfer to the c
nt during the
ign during t
ar shortening
e synchronou
uce, as menti
The second 
ature. The a
ls of 2G HT
orphous alloy
med of amorp
e by fiber g
faces of the c
The armatur
ls are being w
 consider it r
gth and are m
ls with each
ulating curre
es space a
nufacturing. T
 20 MVA LT
Main data o
sented below
Compariso
arameters 
nchronous co
ated total pow
ated linear vo
ated speed of
ated phase vo
ated current 
ated magnetic
ner armature
ctive armatur
umber of 
inding bars/c
rmature curre
ir gap 
ynchronous 
long longitudi
ynchronous 
long quadratu
Reactive pow
chronous and 
rest to rotati
ociated mainly
ions and high
d generation 
eloping.  
The investig
tinued. In m
cessfully wit
ventional sync
petition there 
es and cables, i
old zone and
 SC operatio
he cool dow
 of the elem
s condenser 
oned above, t
variant is ba
rmature win
SC, position
 core. The co
hous alloy ta
lass cylinder 
ryostat are ma
e current valu
ound of 4 H
easonable to 
aking the tra
 other. As a
nts increases
nd simplifie
he method w
SC turbogene
f calculation
 in Table 4. 
n of two varia
cond
of HTSC 
ndenser 
er 
ltage 
 rotation 
ltage 
 induction 
 diameter 
e length 
armature 
oils 
nt density 
reactance 
nal axis 
reactance 
re axis 
VIII. CO
er generators
asynchronous 
ng reactive 
 with the deve
-voltage DC tr
of conventio
ations of s
any aspects 
h static com
hronous cond
is an urgent n
ntended for hig
 decrease th
n. When dev
n process th
ents were ta
stator is a co
he cost of the
sed on the d
ding contains
ed in a sin
ils are laid o
pe and are fix
(Fig. 9). Th
de of stainles
e equals 262
TSC tapes i
transpose tap
nsposition wh
 result the c
. Such a meth
s the proc
as successfu
rator armatur
s for both v
nts of HTSC 
ensers 
Value 
МVА 
kV 
rpm 
кV 
А 
Т 
mm 
mm 
unit 
А/mm2 
mm 
p.u. 
p.u. 
 
NCLUSIONS 
 
 are represen
electrical mach
power compe
lopment of win
ansmission lin
nal synchron
uperconductive
this alternat
pensating d
ensers as we
eed for impro
h currents (sev
e flow of coo
eloping the
e coefficient
ken into acco
nventional on
new machine
esign with H
 12 saddle-s
gle cryostat
ut in special
ed from the
e outer and
s steel 
 A, therefore
n parallel. W
es along the
en connecting
ircuit branch
od of transpo
ess of win
lly implied du
e manufacturi
ariants of S
Tab
synchronous 
HTSC 
rotor 
HT
stat
5.0 5.
10.5 10
750 75
6.3 6.
262 26
0.82 0.8
1588 177
811 90
144 12
4.16 65
5 7
1.198 0.8
0.671 0.5
ted now by
ines. The ren
nsating device
d- and solar p
es. As a resul
ous condenser
 condensers
ors may com
evices and
ll. To win in
ved types of H
eral kA). 
ling 
rotor 
s of 
unt. 
e to 
. 
TSC 
hape 
with 
slots 
rotor 
side 
 the 
e do 
 coil 
 the 
 for 
sing 
ding 
ring 
ng. 
C is 
le 4 
SC 
or 
0 
.5 
0 
3 
2 
2 
7 
7 
 
 
 
26 
87 
both 
ewed 
s is 
ower 
t the 
s is 
are 
pete 
with 
 this 
TSC 
R
[
sync
Vol.
comp
4 p.
[
Mos
syste
Conf
[
sync
cons
6. 19
[
turbo
102.
[
trans
Febr
[
p. 
[
HVD
15 pp
[
[
cryo
SPT
[
prom
21 p
[
supe
/ IEE
sync
IEEE
2015
[
STA
Scien
[
Sync
Foru
Fig. 9. A vari
and
EFERENCES
1] Teleke S.
hronous conden
23, No. 3, July
[2] Antonjuk
ensators / Inte
3] Pelissier R.
cow, High Scho
[4] D’Aguila
ms – the se
erence, Brookl
5] Landhuh H
hronous cond
truction and te
71. P. 2765-27
6] Guillard J
generators as s
6 p. 
7] Contributio
ition / Elektr
uary 2013. P.28
8] Synchronou
9] Abidgaord
C power oper
t. 
10] Asynchron
11] Chubraev
alternator / Sto
EM-02-020192
12] Grant P
ises, promises
. 
13] Kalsi S
rconductor dyn
E PES Transm
[14] Kalsi S.
hronous conde
 Trans. on Ap
. P. 2146-2149
15] Zamzano
TCOM in Vyb
tific Collectio
16] Lidia I.
hronous Cond
m (in print). 
ant with conv
 2G HTSC ar
 
et al. Dynam
ser and SVC /
 2008. H.1606-
O.V. et al. 
rnational Indus
 Les reseaux d
ol, 1982. P. 85
R. Synchrono
cond generatio
yn Center. 11 M
.A., Nordberg 
enser for Du
sting / IEEE T
77.  
.M. et al. U
ynchronous co
n of synchron
otechnik und 
-32. 
s condenser sy
H, Qin N. Syn
ation and bulk 
ous condensers
a L.I. Synch
ckholm Power 
. 6 р. 
.M. Supercon
…past, present 
., Madura D
amic synchron
ission and Dist
S., Madura D
nser for reactiv
plied Superco
. 
v Eu. Ju. Et
org substation 
n. SPb, №65, 2
 Chubraeva, 
enser for Wind
 
entional 8-po
mature windi
 
ic performanc
 IEEE Trans. o
1612. 
Asynchronous
trial Port, 9239
’energie electr
-116. 
us condensers
n / Minneso
ay, 2014. 23 p
B. 345 MVA 
mont station. 
rans. On PAS,
sing Nantes-
ndensers / CIG
ous condense
Informationste
stems / GEDig
chronous cond
power transfer
 / www.power
ronous conde
Tech. Sweeden
ductivity and
and future / EP
., Ross M. 
ous condenser 
ribution Confe
., Ingram M
e power suppo
nductivity, vo
 al. Results 
/ Izvestija of R
011. P. 19-26. 
Sergey S. 
 Power Plant /
le field windi
ng. 
e comparison
n Power Deliv
 non-salient p
, 12 January 20
ique (in Russi
 for transmis
ta Power Sys
pt. 
fully water-co
Part II: des
 Vol. PAS-90,
Hevire 250 M
RE 1990, Rep.
rs for the ene
chnik, Vol. 
italEnergy.com
ensers for reli
 / 15PESGM30
-m.ru 
nser mode o
, June 1995. P
 electric pow
RI, w2agr.com
Performance
on an electric
rence. 2005. 5
. Supercondu
rt in electric g
l.15, issue 2, J
of first tests
I on DC Curr
Timofeev HT
 Materials Scie
 
ng 
 od 
ery, 
ole 
10. 
an). 
sion 
tem 
oled 
ign, 
No. 
W 
 11-
rgy 
130, 
. 8 
able 
46. 
f a 
aper 
er: 
.  
of 
grid 
p. 
ctor 
rid / 
une 
 of 
ent. 
SC 
nce 
M-I-4
72
